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Abstract 
Complete and accurate 24-hour dietary recalls are essential for nutrition monitoring in the United States. The USDA 
Automated Multiple-Pass Method (AMPM) uses a five-step multiple-pass approach to collect dietary data. The first 
step is an unstructured, uninterrupted listing of all foods and beverages consumed. The next 3 steps use a structured 
approach to data collection including memory cues. The Final Probe step is an unstructured question for any other 
foods recalled and includes several additional memory cues. The objective of this analysis is to describe patterns of 
food reporting in the AMPM in a nationally representative sample. This analysis uses data from the 2007-2008 What 
We Eat in America, National Health and Nutrition Examination Survey for males and females ages 12 and older. The 
step in the AMPM interview where a food is first recalled and reported is determined and assigned a value. These 
values are summed to create an AMPM reporting score which reflects the use of the five steps in AMPM in the 24-
hour dietary intake recall. There are signficant differences in the AMPM reporting score by day of interview, gender, 
age and race/ethnicity. The patterns described in this analysis demonstrate the importance of the multiple-pass 
method in obtaining complete 24-hour dietary recalls. 
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of the National 
Nutrient Databank Conference Editorial Board 
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_________________________________________________________________________________________________ 
1. Introduction 
USDA monitors the food and nutrient intake of the U.S. population by conducting nationally 
representative dietary surveys. The current survey, What We Eat in America, National Health and 
Nutrition Examination Survey (WWEIA, NHANES) has been in continuous operation since 2002. It uses 
the Automated Multiple-Pass Method (AMPM) computerized interview to collect 24-hour dietary intake 
data. The AMPM interview is a research based, multiple-pass approach with numerous memory cues 
integrated into the questions. [1] The five steps in the AMPM provide both structured and unstructured 
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opportunities for the respondent to report the foods they consumed. The AMPM has been in continuous 
use in WWEIA, NHANES since 2002 and has been adapted for use in the Canadian and Australian 
national health surveys. AMPM has been used for numerous government and private surveys and studies, 
including studies done for the Food and Nutrition Service and Economic Research Service in USDA, the 
Environmental Protection Agency, the National Cancer Institute, and the National Institute on Aging. It 
has also been adapted as the Automated Self-administered 24-hour Recall (ASA24) by the National 
Cancer Institute, NIH.  
From 2002-2004, the Food Surveys Research Group conducted the AMPM Validation Study which 
used doubly labeled water to evaluate the accuracy of the AMPM by comparing reported energy intake 
(EI) with total energy expenditure (TEE). The subjects consisted of 524 volunteers, men and women aged 
30-69 years. Overall, the subjects, who ranged from normal weight to obese, underreported EI by 11% 
compared with TEE. Normal weight subjects underreported EI by less than 3%. Approximately 78% of 
men and 74% of women were classified as acceptable energy reporters (within 95% CI of EI:TEE). [2] 
The five steps of the AMPM were designed to encourage individuals to report all their foods and 
beverages, including water, as they recall them throughout the interview. The percent of foods and energy 
contributed by each step in the AMPM for males and females ages 12 and over in the 2007-2008 
WWEIA, NHANES survey is shown in Table 1. Two-thirds of the foods and over 75% of energy on day 
1 are collected in the first step of AMPM which is the Quick List. This demonstrates that the Quick List is 
an effective method for collecting the majority of foods, but also that it alone does not collect 100% of 
foods and energy. By the fifth step of AMPM, the Final Probe, respondents recall and report only one 
percent of foods and less than 0.5 percent of energy. 
 
Table 1. Comparison of Contribution of AMPM Steps 
 
 Day 1 Interview 
N=6,575 
Day 2 Interview 
N=5,663 
 
AMPM Step 
Percent of 
Total Foods* 
Percent of 
Total Energy 
Percent of 
Total Foods* 
Percent of 
Total Energy 
Quick List 66 78 73 84 
Forgotten Foods 8 8 5 4 
Time and Occasion 3 2 2 1 
Detail Cycle 22 12 19 10 
Final Probe 1 <0.5 1 <0.5 
 WWEIA, NHANES 2007-2008, Ages 12 and over, Mobile Exam Center (MEC) weights 
   
1.1 Multiple-Pass Method 
 
most effective method to collect a complete and accurate 24-
was used to develop the dietary recall method used in the 1994-96, 1998 Continuing Survey of Food 
Intakes by Individuals (CSFII). The method used in that survey was a three step multiple-pass method. A 
multiple pass interview includes distinct passes that collect different kinds of information about the foods 
eaten. Each pass provides respondents with a different approach for remembering foods. In this case, the 
three passes included the Quick List, Time and Occasion, and Detail passes. Continuing research focused 
on approaches that would stimulate more complete reporting of foods while keeping respondents engaged 
in the interview. Several different versions of the multiple-pass method were tested on adults using both 
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qualitative research techniques such as behavior coding and respondent debriefing and quantitative 
research involving the collection and analysis of 24-hour recalls. [1] 
The recall method that evolved from this research is a five-step approach beginning with a Quick List 
where respondents list all foods consumed the prior 24-hour period. The second step, called Forgotten 
Foods, includes a series of questions that probe for foods that are commonly forgotten during Step 1, the 
Quick List. The third step, Time and Occasion, collects the time each food was eaten and the name of the 
eating occasion. The fourth step is the Detail Cycle where descriptions are obtained for each food 
reported, along with quantities consumed and where the food was obtained. The Detail Cycle also 
includes questions that review each eating occasion and each interval between eating occasions. The fifth 
step is a final review question, the Final Probe, which provides the respondent a last opportunity to recall 
any foods that had not been reported previously in the interview. (Figure 1) At any point in the interview, 
the respondent can add a food that they remember.  These five steps were automated into the AMPM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1.AMPM Steps 
1.2 Automation of the Interview 
Automation of the five-step multiple pass method included a number of iterative steps: specification 
and flowchart development, programming, and testing. Because of the large number and diversity of 
foods available for consumption in the U.S., many different questions related to specific food attributes, 
along with a very large number of possible responses, are included in the instrument. The large set of 
questions and response options, approximately 2,400 and 21,000, respectively, results in a significant 
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amount of routing throughout the instrument. The number of possible pathways through the food detail 
questions is roughly estimated to be over 400,000. [3] 
Blaise, a commercial software package developed by Statistics Netherlands (Heerlen, Netherlands), 
was used to program the instrument. Blaise is internationally recognized as a standard for large scale 
survey interview software. Specifications for the AMPM included the questions, responses, and 
interviewer instructions and how each should be displayed on the screen. They also included skip 
instructions responses, edits, and programmer instructions.  
A variety of testing procedures were performed throughout the development and upon completion of 
the instrument. Specification testing, which compared the behavior of the AMPM with the specifications, 
verified that all parts of the written specifications were incorporated into the program. Nutritionists 
provided expert review testing to validate that the program collected the required information. 
Interviewers evaluated the efficiency and effectiveness of collecting data with the instrument in usability 
testing. Scenario testing involved the use of scripted interviews to represent a variety of situations likely 
to occur during actual data collection.  
 1.3 The Five Steps of the AMPM 
Step 1:  The Quick List 
The first step in the 24-hour dietary recall interview is to obtain a list of all foods consumed during the 
previous day in the 24-hour midnight to midnight time period. This is an unstructured question with a 
number of memory cues that allows the respondent to use their own strategy to recall foods. The impact 
interview and 83% of the respondents on day 2 begin the Quick List with their first eating occasion after 
midnight. At the Quick List step, the only required entry is a food name.   
Foods reported by a respondent are selected from a lookup file called the Main Food List (MFL). This 
list includes over 2000 foods. Each food on this list is linked to a category which directs the program to 
the appropriate questions for that food in the Detail Cycle. Frequency data from earlier surveys were used 
to identify foods to include on the MFL. Foods on the MFL are listed in general terms, rather than precise 
descriptions of the form and preparation method listed in the food coding database. Fewer foods with 
shorter descriptions on the MFL allow the interviewer to quickly enter a food name for a direct match. 
Brand name foods are listed if they are commonly used as part of a name. Brand names are included 
for some categories of foods, such as candies, ready-to-eat cereals, soft drinks, and fast foods. Generic 
food names, such as milk, bread, fruit, fish, juice and soup are included for use when a specific food is not 
listed. A respondent may report an eating occasion or a place, rather than a specific food. Thus, listings 
such as buffet, salad bar, school lunch, snack, appetizer, and church supper are included on the MFL. 
hen an unfamiliar food is reported for which the 
interviewer is unable to select a generic food. At the Detail Cycle, the program provides questions to aid 
in the identification of the food. Overall, for day 1 and day 2 combined, 69% of foods are reported on the 
Quick List making up 81% of the energy intake for the day. 
Step Two: Forgotten Foods  
The Forgotten Foods List (FFL) is designed to help the respondent remember foods which research has 
shown are often forgotten during 24-hour recalls.[4]  The list consists of six probes asking about specific 
groups of foods and a seventh probe about any other foods. The probes include the following food 
groups: Beverages: coffee, tea, soft drinks, milk, juice; Alcoholic beverages: beer, wine, cocktails, other 
drinks; Sweets: cookies, candy, ice cream, other desserts; Snacks: chips, crackers, popcorn, pretzels, nuts, 
other snack foods; Fruits, vegetables, cheese; Breads, rolls, and tortillas; and Anything else. For day 1 and 
day 2 combined, this step collects about 6% of foods accounting for 6% of daily energy intake. 
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Table 2.Percent of foods reported by forgotten foods questions 
 
 
 
Forgotten Foods Questions 
Day 1 Interview 
Percent of Foods* 
Day 2 Interview 
Percent of Foods* 
Males Females Males Females 
Beverages 33 33 36 33 
Alcoholic beverages 5 3 5 4 
Cookies, other desserts 20 22 20 20 
Chips, crackers 14 14 13 13 
Fruits, vegetables, cheese 17 18 15 18 
Breads 9 8 9 9 
Anything else 2 2 2 3 
Total number of foods 6259 5560 3337 2977 
 WWEIA, NHANES 2007-2008, Ages 12 and over, not weighted 
   
Step Three: Time and Eating Occasion 
During the third step, the time and eating occasion are collected for each reported food. Both English 
and Spanish names for eating occasions are listed as response options. The time field serves to sort the 
reported foods into chronological eating occasion so that the Detail Cycle can be collected in the order the 
foods were consumed. Time as well as eating occasion, serve as memory cues that help the respondent to 
remember the details about foods in the next interview steps. For Day 1 and day 2 combined, foods 
reported during this step account for about 2% of foods accounting for 2% of daily energy intake. 
Step Four: Detail Cycle 
The Detail Cycle collects the food descriptions and amounts eaten for all foods reported by the 
respondent. For each food reported in an occasion, probes are used to elicit a description, amount, and 
where the food was obtained. Next is a review of the foods in the eating occasion and a probe for 
additional foods that might have been forgotten. Finally, a question is asked about whether the foods were 
eaten at home or away from home. All eating occasions cycle through this detail loop. 
Responses for some questions are pre-filled, i.e., filled in automatically, depending on the food chosen 
from the MFL. Pre-filling answers reduces interviewer and respondent burden by reducing the number of 
questions asked. About 70% of the foods on the MFL have one question pre-filled. The program allows 
for a maximum of four pre-filled questions. Pre-fills are based on the descriptive detail implied in the 
food name. A generic food, such as hamburger, has no pre-filled answers. A specific food, such as 
McDonalds Big Mac®, has the following three food detail questions pre-filled with answers:  
1. Was this from a fast food place?  (Yes) 
2. What is the name of the fast food place?  (McDonalds®) 
3. What is the name of the sandwich?   (Big Mac®)    
 
In WWEIA, NHANES 2005-2006 dietary intakes, 99% of intakes had at least one pre-filled question, 
and 56% of foods had at least one pre-filled question. This reduced the number of questions that had to be 
asked by approximately 140,000. [5] 
Many food categories include a question that asks if anything was added to a food. An addition is any 
food that is added to the primary food; examples are butter on bread and milk added to cereal. Additions 
are asked after the descriptive probes are completed for the primary food so that the respondent can 
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visualize the food as it was eaten, including foods added. After additions have been entered, AMPM 
returns the interview to the quantity probes for the primary food. After quantity is collected for the 
primary food, AMPM proceeds to the collection of a description and quantity for each addition.  
After all detail and quantity information has been collected for a food, a source question is asked 
(where the food was obtained). The source question is asked for each food because foods may vary in 
source within an eating occasion. In the 2007-2008, WWEIA, NHANES, this occurs in 12% of eating 
occasions for respondents ages 12 and over. For day 1 and day 2 combined, the Detail Cycle contributes 
21% of the foods reported, accounting for 11% of total energy. Foods added in the Detail Cycle include 
foods added during meal and interview reviews, as well as additions to foods.  
Step Five: Final Probe 
The fifth step is a final question which asks the respondent to recall any additional foods eaten 
including water. Memory cues in the question include situations such as meetings, in the car, shopping, 
cooking, and cleaning up. The question also has a memory cue which asks the respondent to include even 
small amounts. Although foods first reported in this step make up approximately 1% of all foods reported 
and less than 0.5% of energy, they contribute nutrients to at least 12% of intakes. The food most often 
reported is water, which makes up 64% of foods reported in this step in day 1 interviews and 70% in day 
2 interviews. In addition to water, the foods most frequently reported in the final probe for both days are 
candy, juices, and soda.  
Advantages and Challenges of an Automated Instrument 
One of the main advantages of an automated interview is the consistency maintained across all 
interviews. Questions and the potential responses are identified and are the same for all interviews. The 
interviewer is not required to make decisions about the appropriate food category to access for probes and 
does not need to determine skip patterns for questions based on the provided answers. Information on 
foods is complete because the correct questions are asked. Edit checks within the instrument provide 
cleaner data; consequently, less work is required on the back-end processing of the data. The use of 
automated pre-fills and skipping questions for foods that the respondent says are the same reduces the 
number of questions in the interview. Automating the interview also provides electronic recording of 
responses which provides the ability to use a computer program to assign food codes and portion sizes 
based on the responses to the standardized interview questions. The information stored electronically 
during the interview provides an invaluable amount of data to determine the use of questions, responses 
and to plan future updates.  
Because of a diverse and rapidly changing food supply in the U.S., an automated food intake 
instrument requires continual updating to assure that the questions are current with the foods available in 
the marketplace and with changes in eating patterns. The USDA dietary intake instrument is one of the 
largest and most complex survey instruments in use anywhere at this time. Because of its complexity, 
changes, even minor ones, require thorough testing and evaluation to ensure the integrity of the 
instrument.  
2.   Methods 
The AMPM Validation Study clearly demonstrates the quality of the 24-hour dietary data collected by 
the AMPM. The description above of the multiple passes and the level of detail that went in to designing 
the instrument give an indication of how the AMPM succeeds. The purpose of this analysis is to quantify 
where respondents report foods in the AMPM multiple passes and to calculate a summary measure of 
how much of the AMPM each survey respondent used in a 24-hour dietary recall interview. 
The study population used includes both day 1 and day 2 interviews for respondents ages 12 and over 
from the 2007-2008 WWEIA, NHANES. There are 6,575 day 1 interviews and 5,663 day 2 interviews. 
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Interviews for respondents younger than 12 were not included because they are collected using assisted 
and proxy interviews. The Race/Ethnicity variable was created from responses to the NHANES survey 
questions on race and Hispanic origin. Hispanic includes individuals who self-
-ethnicities identified. All others are categorized 
based on their race. [6] The NHANES variable for the family income as a percent of the federal poverty 
threshold calculated by dividing family income by the poverty guidelines, specific to family size, as well 
as the appropriate year and state. [6] Table 3 shows the number of intakes for males and females on day 1 
and day 2 by age, race/ethnicity, and income level groups that were used in this analysis.   
Each food reported during the interview was assigned a food reporting value based on the AMPM step 
in which it was first reported. Additions to foods were assigned the same score as the primary food. For 
example, if coffee was reported on the Quick List it was assigned a value of 0. Milk added to coffee 
during the Detail Cycle was also assigned a value of 0. If coffee was reported during the Forgotten Foods 
step, it received a value of 1 and milk added to that coffee during the Detail Cycle also received a value of 
1. This was done because the AMPM collects all additions to foods in the Detail Cycle. When the milk is 
reported as added to the coffee during the Detail Cycle, it is not a newly remembered food just being 
reported for the first time, but a detail of a food already reported. Table 4 shows the food reporting score 
assigned for each step in the AMPM.  
Table 3.Description of Study Population 
 
 
Forgotten Foods Questions 
Day 1 Interview 
Number of Intakes 
Day 2 Interview 
Number of Intakes 
Males Females Males Females 
Total number of Intakes 3268 3307 2750 2913 
Age     12-19 607 549 501 480 
            20-29 409 409 324 353 
            30-39 450 482 361 402 
            40-49  412 466 339 412 
            50-59 431 413 379 373 
            60+ 959 988 846 893 
Race/Ethnicity 
           Hispanic  
 
939 
 
1017 
 
759 
 
882 
           Non-Hispanic White 1483 1424 1301 1285 
           Non-Hispanic Black 703 744 591 649 
          Other 143 122 99 97 
Percent of Federal Poverty 
Threshold 
    
          < 131% 904 1013 745 882 
          131-185% 399 424 338 376 
          > 185% 1660 1547 1417 1384 
          Missing data 305 323 250 271 
 WWEIA, NHANES 2007-2008, Ages 12 and over, not weighted 
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Table 4.Food Reporting Values 
 
AMPM Step Food Reporting Value 
Quick List 0 
Forgotten Foods 1 
Time and Occasion 2 
Detail Cycle 3 
Final Probe 4 
 
The food reporting values for each food reported during an interview were summed to create an 
AMPM reporting score. If a respondent reported all the foods consumed on the Quick List, the AMPM 
reporting score would be 0. Only 4 percent of respondents on day 1 and 9 percent of respondents on day 2  
had AMPM reporting scores of 0. Higher scores indicate more foods reported for the first time later in the 
AMPM interview. Table 5 shows the distribution of AMPM reporting scores for the day 1 and day 2 
interviews.  
 
Table 5.Distribution of AMPM Reporting Scores  
 
 Day 1 Day 2 
Minimum 0 0 
25% 3 1 
50%  Median 6 4 
75% 10 8 
Maximum 46 65 
Mean 7.2 5.2 
2.1. Statistical analysis 
We assumed a geometric distribution for the AMPM reporting score data. The AMPM reporting score 
is the sum of individual food reporting scores for all foods reported in one intake. Points on the 
probability-probability plot comparing the AMPM reporting score empirical cumulative distribution 
function with the exponential theoretical cumulative distribution function form a clear linear pattern that 
passes through the origin and has unit slope, indicating that the two distributions agree. Therefore, the 
exponential or geometric theoretical distribution appears to model AMPM reporting scores better than 
any other known theoretical distribution. The day one and day two intakes are not independent. The 
second intake carries in it some interview perfecting efforts on the part of the respondent and will be 
somehow correlated to its day one intake equivalent. For these reasons we fit a geometric distribution to 
the data and used the RESIDUAL option in the RANDOM statement of the SAS GLIMMIX procedure to 
take the correlated repeated measurement aspect of the data into account. Subgroup analyses were all 
stratified by day of intake to run appropriate day of intake correlation matrices across and within 
subgroups. Least square means multiple comparisons were performed using Tukey p-value adjustment. 
  
153 Lois Steinfeldt et al. /  Procedia Food Science  2 ( 2013 )  145 – 156 
3.  Results and Discussion 
Figure 2 shows the mean AMPM reporting scores by day of interview and by gender. The mean 
AMPM overall reporting score for day 2 (5.3) is significantly lower than the score for day 1 (7.2). 
Females have a significantly lower mean score than males for day 1 and both males and females have 
significantly lower mean scores on day 2 compared to day 1. But there is no significant difference 
between males and females on day 2. (Figure 2) Similar results were seen in a previously reported 
analysis of the difference between the order foods were consumed and the order they were reported in 
AMPM. In that analysis all age and gender groups reported foods in the day 2 interview closer to the 
order they consumed the foods. The difference between the order foods were reported and the order they 
were consumed was significant at p < 0.01 for all age and gender groups except for females age 60 and 
older. [7] Respondents clearly remember the first AMPM interview and apply that knowledge when they 
are interviewed on day 2. 
 
 
 
 
Fig 2.AMPM Reporting Score by Day of Interview and Gender 
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Figure 3 shows the differences in the mean AMPM reporting score by age with older respondents
having significantly higher scores than younger respondents. This is true for both day 1 and day 2 and for 
males and females on both days. This shows that older respondents are much more likely to recall and
report foods in the AMPM steps after the Quick List. The difference in mean scores between the 12-19
age group (6.4) and the 60 and older age group (8.9) for males on day 1 is the largest difference between 
the population groups analyzed.
Fig. 3.AMPM Reporting Score for Age Groups by Day of Interview and Gender
Figure 4 shows the mean AMPM reporting scores for race/ethnicity and the percent of the Federal
Poverty Threshold. There are no significant differences by race/ethnicity on day 1 for males. On day 1 for 
females the only significant difference is between Hispanics and non-Hispanic blacks with Hispanic
females showing a significantly higher score than non-Hispanic black females. There is a significant
difference between the mean AMPM reporting score for Hispanic and non-Hispanic white males and
females on day 2. The scores for the non-Hispanic white males and females dropped more between day 1
and day 2 than did the scores for Hispanic and non-Hispanic black males and females. There were no
significant differences in mean AMPM reporting scores by the percent of the Federal Poverty Threshold
for either day 1 or day 2 for males and females.
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Fig 4.AMPM Reporting Score for (a) Race/Ethnicity (b) and Poverty, by day of interview and gender  
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The lowest AMPM reporting scores are for young women on day 2. The highest scores are for older 
men on day 1 and Hispanic men on day 1. Differences in the AMPM reporting score may reflect the 
amount of attention people pay to the foods they eat. Scores between day 1 and day 2 dropped for all the 
groups analyzed indicating that these respondents remembered the AMPM interview and were more 
likely to recall and report foods earlier in the interview. These results demonstrate that multiple passes are 
required to obtain a complete 24-hour dietary recall. There were no population groups ages 12 and over 
where everyone in the group was able to recall and report all of the foods consumed on the Quick List 
which is the first pass in AMPM. The multiple passes are more critical for men and older respondents 
who report more foods on the later steps in AMPM. 
3.   Conclusion 
The AMPM, based on years of research and experience at USDA, is an important tool for nutrition 
monitoring of the U.S. population. The features programmed into the AMPM, such as the automated flow 
of appropriate questions for the reported food, chronological sorting of food, review of each occasion and 
between occasions greatly reduce respondent and interviewer burden and allow for standardized and 
consistent collection of 24-hour dietary intake. Each step of the AMPM provides respondents with 
different approaches and memory cues to assist with remembering foods consumed the previous day 
while keeping them engaged in the process. This analysis has demonstrated that all five steps of the 
AMPM multiple-pass methodology contribute to the complete collection of the 24-hour dietary intake.  
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